This paper provides an overview of a database tool to support collaborative concept development in an asynchronous, distributed design environment. This paper will illustrate how an ideation method, such as as brainstorming, can be applied to a desired set of functions for a new design. The result of the brainstorming session for each articulated function can then be used in conjunction with a collaborative weighted voting tool to develop a rank-ordered morphological chart of the design space. A case study will be presented to illustrate how the information and knowledge generated in a prior working session by a design group can be introduced into a subsequent design session. The case study will illustrate how knowledge can be effectively transferred from one design project to the next, and preserve design intent over time.
Other tips for successful brainstorming are to assemble five to ten people, invite members that represent diverse experiences and include at least a few self starters. It's also very important to state a specific topic for the brainstorming session. Recent research in brainstorming indicates that group dynamics can interfere with the effectiveness of brainstorming. While the rules try to minimize the criticism of "crazy ideas", the fear of making "out of the box" suggestions among coworkers can reduce the number of suggestions made, and ultimately limit innovative solutions to design problems. Paulus, et al. [3] and Oxley et al. [4] propose four additional brainstorming rules to minimize unproductive chatter, and keep the session moving. The additional rules are:
(5) Do not tell stories or explain ideas; (6) when no one is saying ideas, restate the problem and encourage one another to generate more ideas; (7) encourage those who are not talking to make a contribution; (8) suggest that participants reconsider previous categories when they are not generating many more new ideas.
The book Groups: Interaction and Performance [5] suggests that proper guidance and structure are essential to an effective group brainstorming activity, to best make use of the group brainstorming session.
Weighted voting is a tool used commonly used to rank the design team members' preference for concept selection. It is preferred over a straight vote due to its ability to highlight concepts that are acceptable to all members, but may not always be the top choice. A summary of the weighted voting procedure proposed by Tague in the Quality Toolbox [6] [p 360] is:
1. Display the list of options, combining duplicate items. 2. Number (or letter) all items. 3. Decide also how many votes each member will have. Usually five votes are allowed. The longer the original list, the more votes will be allowed, up to 10. 4. Members distribute these points over their choices. For example, one person may assign all votes to one choice about which that person cares fervently, while another may distribute votes equally among top three choices. 5. Tally votes. 6 . If a decision is clear, stop here. Otherwise, continue with a brief discussion of the vote. 7. Repeat the voting process of steps 4 and 5 if necessary.
It is important to remember that the weighted voting tool is purely subjective and dependent on the opinions of individual team members. When used properly, the weighted voting tool can be an effective guide to decision making, and help focus the design team on the relevant topics that impact design decisions.
While brainstorming is a tool for generating means to accomplish a particular function, the morphological chart is a tool for expanding the design space, when a product must simultaneously provide a solution to several functions. Morphological charts are a way to mix and match means to accomplish functions in order to investigate possible design combinations [7] . The morphological chart doesn't require any additional input or information that was not already available from individual brainstorming sessions. The procedure for creating a morphological chart may be summarized as 1. List the required functions of the design down the left hand side of the chart. 2. List all currently proposed means for satisfying that function to the right. If the means have been ranked, then the means should be listed in rank order.
By displaying all of the required functions, and possible means of fulfilling those functions on one chart, it becomes recognizable that there are a large number of design combinations. Not all combinations are feasible and therefore need not be explored.
The morphological chart is a simple tool for generating system level design concepts, based on a subsystem or functional analysis.
In the next sections, we examine how the data generated during brainstorming sessions can be captured, assessed with weighted voting, and displayed in a morphological chart to develop a rich design space of feasible solutions.
DATABASE DESIGN
A relational database may be used to store concept design information [1] . The features of the database design proposed herein are limited to those found in any Structured Query Language (SQL) compliant database, such as MySQL [8] , PostgreSQL [9] , and Oracle [10] . The database, or schema, is comprised of four tables:
Member table -Identifies role and responsibilities  Data table -Stores all data entered  Relations table -Maps relations between data items  Strength table -Assigns strength of relations These tables are used to store the information generated by a team of designers during the concept development stage of a project. A series of web-based "scripts" or "programs" may be used to facilitate convenient use of the data tables, without forcing the designers to be aware of the underlying data structures. The tables illustrated in this article are presented in Domain Key Normal Form (DKNF), also known as the 5th Normal Form. Selecting an appropriate level of normalization improves the speed of access to large enterprise databases, allows improved data integrity checking, and reduces the occurrence of anomalies [11] . Each of the four tables used in the example schema will be introduced in sequence.
The first table in the schema is the Member table, and it  stores directory information about each team member. In our example, the Member table contains only limited information. In  a typical application environment, multiple tables may be employed, using one table for contact information and another table  to 
CASE STUDY DATA
A contrived case study is presented, in the form of a story, to illustrate the use of the design tools and how the data generated by the design team can be archived in a relational database. For the sake of the case study, we assume that a residential homeowner in the northeast has commissioned an engineering study of methods to convert available ambient energy to useful forms, [12] . The homeowners wish to reduce their energy consumption from the grid, and are amenable to considering all forms of alternative energy for their residence.
The design team is comprised of several individuals, each of whom is experienced, and brings their judgment to the effort. The Members table of the schema is illustrated in Table 5 . The design team has reduced the design problem to that of addressing several needs of the homeowner. They identified four fundamental functions required of the system, and have recorded these functions in the Data table of the schema. A portion of the Data table is illustrated in Table 6 : Table 6 . Excerpt from the Data Table, For the current example, a distinct brainstorming session will be illustrated for each product function to be accomplished. As discussed previously, a team of individuals is most effective at generating viable concepts when they remain focused on a welldefined and properly scoped problem.
The design team conducted several concept development sessions over the course of several days. Each team member was already aware of readily available technology. During the first brainstorming session, the design team met together and identified several possible means for capturing ambient energy. As they conducted their brainstorming session, one team member recorded the suggested means of capturing energy in the Data table, as shown in Table 7 . In the interest of brevity, only a small sample of possible responses are illustrated throughout the case study.
The software system used to manage the flow of information from the design team must establish a connection between the results of the brainstorming session (the "Means") and the need driving the concept (the "Function"). This is accomplished by adding a unique record to to table Relations, for each result obtained from the "Capture Energy" brainstorming session. Note that, with a convenient user interface for the design team members, they do not have to explicitly create the entries in Table 8, but rather those entries are created automatically at the time that the brainstorming results are recorded. The design team conducted a second brainstorming session, this time focused on the function of identifying several possible means for storing the captured energy for use at a later time. One of the team members, Dave, was on travel at a remote construction site when the team assembled for the brainstorming session, so he participated by adding suggestions from a remote location via the internet. The results of the second brainstorming session are recorded in the Data table, as shown in Table 9 .
As previously, the software system automatically adds a unique record to table Relations, for each result obtained during the "Store Energy" brainstorming session as summarized in Table 10 .
The team members were asked to consider the various forms of energy introduced into the design space, and develop a list of energy conversion technologies that might be of interest. The team was unable to schedule a time to meet and conduct this brainstorming session. Team members performed the ideation on their own, entering in their means when convenient. Results of their technology inventory are recorded in the Data table, as shown in Table 11 .
Once again, a unique record is added to table Relations, for each result obtained from the "Convert Energy" ideation ses- 7  11  2  8  12  2  9  13  2  10  14  2  11  15  2  12  16  2  13  17  2 sion. A brief wrap-up discussion was held to review the entered technologies. One of the team members notes that the "Thermoelectric" means could be used directly as a "Capture Energy" function as well. The team agrees to add a relationship to reflect this, as illustrated in record number 21 of Table 12 .
RelId Child Parent
The team observed the homeowner family, and developed an inventory of the means by which the family consumed energy in their residence, as shown in Table 13 . The homeowner family was able to provide copies of their electricity and natural gas bills for the preceding three years. The homeowner indicated that space cooling needs were of lower importance, given their geographical location, and that cooling was desirable but not essential.
As previously, the software system automatically adds a unique record to table Relations, for each result obtained during the "Consume Energy" analysis as summarized in Table 14 .
With the realization that some prior idea generation sessions 14  18  3  15  19  3  16  20  3  17  21  3  18  22  3  19  23  3  20  24  3  21 23 1 and a child of 13. In this way, the design team recognized that the homeowner family could benefit from excess power available at their neighbor's home during times of peak demand, and vice-versa. The result of these post brainstorm discussion is an expanded set of means for Capture Energy as shown in Table 15 . After confirming that the Relations table was fully populated, the design team agreed to conduct a "worthiness" assessment of each proposed set of means relative to each articulated function. The architect leading the project, Jacquie, asked each of the team members to allocate 10 votes, using a weighted voting procedure, to the various means proposed to Capture Energy, by assessing the worthiness of the means as a method of satisfying the function . Team members were instructed to focus their opinions on suggesting which means were "worthy" of further investigation relative to each function. The team members were expressly told that their voting was not to assess technical, economic, or other feasibility, but rather to help guide the team to focus on concepts that were worth looking at in more depth. Partial results of this "worthiness" assessment are illustrated in Table 16 . All team members agreed that using the Grid as a means of capturing energy was not the primary objective of the customer. While it would be used for supplemental energy when needed, it would not satisfying the customer objective of transferring ambient energy into usable forms. All team members assigned a 0 to the grid means of capturing energy. Ed, the codes compliance manager on the project, is aware that the town zoning board has enacted regulations to limit the growth of wind turbines in the community, and thus assigned votes of 0 to both of the wind turbine concepts. Because he was concerned that similar zoning restrictions might be forthcoming on roof-top structures in the future, he cast a vote of 1 for the concentrating collector as a means of capturing energy. He viewed flat plate collectors, photovoltaic panels, a passive wall and a thermoelectric generator as being equally benign to the zoning authorities, and distributed 2 of his remaining votes to each of those means. Ed has previously had success utilizing a flat plate collector so he assigns his last vote there. George, an electrical engineer, feels that it is very important to address the homeowner's electrical energy needs, and feels that those means which are purely thermal (flat plat, passive wall, and concentrator) were inappropriate, assigning a vote of 0. He thought both wind turbine approaches and the thermoelectric generator were reasonable, giving them 2 votes each, but was strongly supportive of the photovoltaic solution, and assigned it 4 votes. Kate, the mechanical engineer, determined that the wind turbines and concentrating collector would require more maintenance and repair in the long-term view and gave them 1 vote each. The flat plate and photovoltaic were assigned 2 votes each due to their relative simplicity, and the passive wall was assigned 3 votes because it had no moving parts. The thermoelectric generator received no votes due to the relative small size scale. Dave, the construction manager, is concerned with the wind force on the concentrating collector and casts 0 votes. He is also concerned with the desired angle of inclination of the flat plate collector and the photovoltaic and casts 1 vote each. Dave distributes his votes equally among the remaining options, confident his crew can handle the other options. Jacquie, the architect, is trying to minimize the appearance of the ambient energy collectors. She casts 0 votes to the turbines and the concentrating collector. She assigns 4 votes to the passive wall, and 2 votes to the flat plate collector and photovoltaic. She's unsure about the thermoelectric generator but decides it's worthwhile to investigate and assigns 2 votes.
The homeowner family previously provided the design team with historical data on their energy consumption. Using that data, the team agreed to have Jacquie assign the 10 votes associated with the means for consuming energy (see Table 14 ). Jacquie entered additional records into the Strength table, to reflect the historical energy consumption, and the fact that the homeowners viewed space cooling as somewhat optional. At this point, the team schedule was such that it became difficult for the group to meet, and the project manager, Jacquie, instructed all of the team 0  13  5  George  2  14  6  George  2  15  21  George  2  16  26  George  0  17  1  Kate  2  18  2  Kate  2  19  3  Kate  1  20  4  Kate  3  21  5  Kate  1  22  6  Kate  1  23  21  Kate  0  24  26  Kate  0  25  1  Dave  1  26  2  Dave  1  27  3  Dave  0  28  4  Dave  2  29  5  Dave  2  30  6  Dave  2  31  21  Dave  2  32  26  Dave  0  33  1  Jacquie  2  34  2  Jacquie  2  35  3  Jacquie  0  36  4  Jacquie  4  37  5  Jacquie  0  38  6  Jacquie  0  39  21  Jacquie  2  40 26 Jacquie 0 members to submit their votes on the worthiness of the various means to meet the functions of Convert Energy and Store Energy. Each team member can submit their information when convenient, and from whatever location is convenient. The team manager can readily see who has completed their data input at any time, and provide reminders or prodding as necessary. Within a short time, all team members were able to cast their votes on the worthiness of each means as appropriate to each function. As the voting data arrives, the morphological chart can be reviewed on-line. One team member may see a concept emerging with strong support from other team members, which could cause them to reconsider their own assessment. On the other hand, one team member may question why another individual discounted a particular solution. As the team members cast their votes, a discussion ensues, and the reasons for various individual's votes are shared.
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CASE STUDY INTERPRETATION
As the opinions from the design team members are populated into the database, a software "script" can be readily written to extract the information from the tables and automatically generate a rank-ordered morphological chart of the concept development investigation, as illustrated in Table 18 .
The SQL pseudo-code used to generate the data for row 1 in Table 18 is presented in Figure 1 . This SQL code [8] gathers the data text and the vote total from the relational database to populate one row of the morpho- Upon reviewing the ordered morphological chart, the design team recognized that several system combinations were worthy of further investigation. For example, a system consisting of photovoltaic collection, storing energy in a chemical battery bank, for later use with a resistive space heater provides one configuration to meet space and water heating needs, electrical appliances, and cooling. Obviously, the size of the system would need to be scaled in accordance with demand and economic feasibility, but the morphological chart indicates a system architecture that has support from multiple members of the design team. If we look at other "worthy" entries from the morphological chart, we might agree that a photovoltaic array coupled with DC/AC inverters, and delivering electrical energy back to the grid would eliminate the need for chemical battery storage, while still providing a means to meet all consumption. When the design team later moves on to assessing the feasibility of the numerous concepts, they can focus on the relative merits and feasibility of local energy storage vs. connecting to the grid, and the implications of energy credits and utility rates, etc.. Note that the focus of this article is simply on generating a variety of design concepts that appear worthy of further investigation -not to make final selections of the concepts.
DESIGN DATA RE-USE
While the design team firm was working on the northeast homeowner's project, a similar request from a southwest homeowner arrived, also asking the team to investigate energy technologies for their home. After an initial consultation with the southwest homeowners, it was evident that their energy use patterns were different from the northeast family. Space cooling in the southwest is critical, while space heating becomes a smaller portion of the energy consumption as shown in Table 19 . Jacquie entered the new consumption patterns as additional records in the Strength table, to reflect the southwest family's needs. The ability to re-use data across multiple design projects, and preserve the design intent of both projects, requires an additional Project field in each table (See Tables 1, 2 , 3, and 4) and requires a fifth table -the Project Table - to keep track of each project in the company, as discussed by Nordland [1] . While the location changed, many aspects of the design problem remained the same, with the same four required functions, and the same viable means to satisfy those functions. The best concepts for the northeast application may not be best for the southwest, but the brainstorming efforts of the team can be reused. The design team adjusted their previous assessment for the new location, rather than having to re-create their entire thought process. Records were added to the Strength table, to reflect the new location. New conceptual priorities emerge, as shown in the morphological chart of Table 20 .
The building codes of the southwest family's neighborhood made the turbines a more viable means to "Capture Energy." Other aspects of the new design drove the differences between Table 18 and Table 20 . The design team realized that a different (2) Heating (1) set of design concepts may be more appropriate to the southwest location. For example, a rotary wind-turbine system, used to drive a compressor and produce cooling when wind energy is available can be used to store thermal energy (such as cold water or ice storage), to provide cooling when needed at other times of the day. Flat plate collectors coupled with a hot water storage tank may be appropriate to meet the space heating and domestic hot water needs of the family, while meeting the electrical appliance load may be best accomplished with grid usage. This example illustrates the convenient re-use of design data. The design intent driving choices may be captured in the Strength table. By comparing and contrasting entries in the morphological charts, engineers may observe design patterns to accelerate the design cycle. The flow of information can be bi-directional. When studying the new design problem in the southwest, the team may propose a new idea such as evaporative cooling. When the design team subsequently gets a request from another northeast family, then the menu of design options is more extensive. Innovations may be conveniently shared with other members of the design organization. Additional means of satisfying functions may be introduced every design cycle and propagated throughout the organization, for re-use on subsequent projects. The engineer may focus on reinterpreting data under new design conditions and expanding design options fostered by new customer needs, rather than repeating routine investigations.
CONCLUSIONS AND FUTURE WORK
A relational database has been demonstrated to effectively manage design information related to the concept development stage of product development. The approach has been illustrated for asynchronous use by a geographically distributed design team. The database was used to illustrate how traditional ideation methods, such as as brainstorming possible solutions for various design functions, can be used in conjunction with a collaborative weighted voting tool to develop a rank-ordered morphological chart of the design space. Re-use of design knowledge from one design project to another was demonstrated. An experimental version of the database is being developed for inclusion in several classes within the Rochester Institute of Technology.
